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Helichrysum cymosum, an aromatic plant used in traditional medicine to treat respiratory ailments and wound infections is widely
distributed throughout Southern Africa. Using bioassay-guided fractionation, an active compound was isolated using column chromatography
and identified as the known phloroglucinol derivative, helihumulone (1). The antimicrobial activity (MIC), antimalarial (tritiated hypoxanthine
incorporation) and toxicity (tetrazolium-based cellular viability assay) profiles were determined for the essential oil, acetone extract and
helihumulone (1). The MIC ranges for essential oil, acetone extract and helihumulone (1) were 1–8, 0.078–0.313 and 0.016–0.125 (mg/ml)
respectively. While the acetone extract was at least six times more active than the essential oil in the antimicrobial investigation, the
antimalarial studies indicated that the essential oil was most active against the chloroquine-resistant Plasmodium falciparum FCR-3 strain (IC50
value: 0.204T0.05 Ag/ml). It was however, also the most toxic (IC50 value: 17.47T3.14 Ag/ml). The GC/MS analysis of the essential oil is also
presented.
D 2006 SAAB. Published by Elsevier B.V. All rights reserved.Keywords: Essential oil; Antimicrobial; Antimalarial; Toxicity; Helihumulone; HelichrysumMembers of the genus Helichrysum (Asteraceae) are usually
aromatic, perennial shrubs, having dense leaves with hardy
flower heads. Their medicinal use has been widely reported.
Extracts of various species have been used to treat topical
infections, respiratory ailments and have been used as dressings
in circumcision rites (Meyer and Dilika, 1996; Mathekga and
Meyer, 1998; Stafford et al., 2005). Administration by
inhalation suggests that the volatile aromatic compounds may
play a role in anti-infective therapy and several studies indicate0254-6299/$ - see front matter D 2006 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2005.07.007
Abbreviations: GC/MS, gas chromatography coupled mass spectroscopy;
TLC, thin-layer chromatography; INT, p-iodonitrotetrazolium violet; CFU,
colony forming units; NMR, nuclear magnetic resonance; ATCC, American
type culture collection; MIC, minimum inhibitory concentration; MTT, 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide.
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E-mail address: viljoenam@tut.ac.za (A.M. Viljoen).significant antimicrobial properties for Helichrysum oils
(Hutchings and van Staden, 1994; Roussis et al., 2000). The
traditional use as an analgesic and anti-inflammatory suggests
that the plant may be used for the treatment of other tropical
diseases such as malaria (Hutchings and van Staden, 1994).
South Africa harbours approximately 245 species of Helichry-
sum and biological studies have been performed on a number
of these species (Meyer and Afolayan, 1995; Meyer et al.,
1997; Dilika et al., 1997; Lourens et al., 2004). In this study,
the antimicrobial, antimalarial and toxicity profiles were
evaluated for the essential oil, crude acetone extract and
isolated bioactive compound helihumulone (1) (Fig. 1).
Fresh plant material of H. cymosum, harvested from the wild
(voucher V2826, deposited at the Department of Pharmacy and
Pharmacology, University of the Witwatersrand), was hydro-
distilled in a Clevenger type apparatus and the essential oil
collected after 3 h. The extract was prepared by macerating theny 72 (2006) 287 – 290
wwts reserved.
Fig. 1. Chemical structure of helihumulone (1).
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Analysis of essential oil constituents was undertaken by GC/MS,
using a Hewlett-Packard GCD system operating under condi-
tions as mentioned in Viljoen et al. (2005).
Bioautographic assays were prepared by placing the extract
on silica gel thin-layer chromatography (TLC) plates and
allowed to develop as per standard TLC conditions. A base
layer of Tryptone Soya agar was poured into a sterile petri dish.
The developed TLC plate was placed onto the agar surface
and an overlay of agar containing a culture of S. aureus
(approximate inoculum size, 1106 CFU/ml) was placed on
top of the TLC plate. The plates were incubated for 24 h at
37 -C. The resulting inhibition zone around the active
compound was visualized after spraying with p-iodonitrote-
trazolium violet (INT) and compared to the reference TLC
plate. The acetone extract of H. cymosum was subsequently
subjected to bioassay-guided fractionation using column
chromatography. The extract (4.8 g) was suspended in
chloroform to produce a slurry and placed on four consecutive
columns, packed with silica gel eluted with 100% chloroform.
With each column, fractions were collected and antibacterial
activity determined by bioautobiography assay against S.
aureus. The bioactive fractions were further purified on
Sephadex-LH20 eluted with methanol to yield 77 mg of (1).
The NMR spectra were recorded on a Varian Inova 2000 300
MHz spectrometer. All spectra were recorded at 25 -C in
deuterated chloroform and the chemical shifts were recorded in
ppm referenced to tetramethylsilane or the solvent shift. Based
on 1H, 13C, COSY, HMQC and HMBC experiments, the
substance was identified as the known helihumulone (1), a
phloroglucinol-derived compound (Bohlmann et al., 1979).
To further characterize the biological activity of the essential
oil, extract and (1), the MIC, antimalarial and toxicity profiles
were determined. The MIC was determined in using the INT
microplate method (Eloff, 1998), whereby essential oil, crudeTable 1
MIC (mg/ml) for Helichrysum cymosum essential oil, acetone extract and
helihumulone against 10 pathogens
Pathogen Essential
oil
Extract Helihumulone Control
Enterococcus faecalis
(ATCC 292192)
1 0.156 0.031 0.003
Bacillus cereus (ATCC 11778) 8 0.078 0.063 0.001
Bacillus subtilis (ATCC 6051) 8 0.313 0.063 0.003
Staphylococcus aureus
(ATCC 25923)
8 0.313 0.125 0.003
Pseudomonas aeruginosa
(ATCC 33584)
4 0.313 0.016 0.012
Escherichia coli
(ATCC 11775)
8 0.313 0.063 0.003
Yersinia enterocolitica
(ATCC 23715)
8 0.313 0.063 0.001
Klebsiella pneumoniae
(ATCC 13883)
8 0.313 0.063 0.0002
Cryptococcus neoformans
(ATCC 90112)
4 0.078 0.031 0.001
Candida albicans
(ATCC 10231)
4 0.313 0.063 0.003
Table 2
Antimalarial activity and toxicity of the essential oil, acetone extract and
helihumulone in comparison with antimalarial agents
Helichrysum
cymosum samples
Antimalarial activity (Ag/ml) Toxicity profile (Ag/ml
IC50T s.d. n IC50T s.d. n
Crude extract 60.76T2.83 4 172.01T10.08 3
Helihumulone 14.89T1.88 3 57.05T3.04 3
Essential oil 1.25T0.77 4 17.47T3.10 3
Chloroquine 0.09T0.02 3 >515.9 3
Quinine 0.13T0.04 3 >78.3 3acetone plant extract and the isolated bioactive fraction were
determined in triplicate for 10 pathogens (Table 1). Ciproflox-
acin and amphotericin B were used as controls for bacteria
and yeasts respectively. The tritiated hypoxanthine incorpora-
tion assay (Desjardins et al., 1972) was used to determine
antimalarial activity of the essential oil, crude extract and (1)
following the method described by van Zyl and Viljoen (2002).
Results were analyzed with Enzfitter\ software and the IC50
value determined. Chloroquine and quinine were used as
positive controls. The toxicity profile of the various compounds
was tested against transformed human kidney epithelial cells
using MTT 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazo-
lium bromide (MTT) cellular viability assay (van Zyl and
Viljoen, 2002; Mosmann, 1983). In the antimalarial and toxicity
assays, each sample was tested at least three times with each
concentration being tested in triplicate per experiment.
The acetone extract of H. cymosum subjected to bioassay-
guided fractionation, yielded an antimicrobial compound.
Structural elucidation identified the bioactive fraction as
helihumulone (Fig. 1). Helihumulone has been previously
isolated from H. cymosum (Bohlmann et al., 1979). The
authors however, did not report any biological activities of the
compound. Utmost care needed to be taken during the isolation
procedure as phloroglucinol derivatives are notoriously light
and air sensitive. It is of interest to note that Stafford et al.
(2005) reported that the antimicrobial activity of H. cymosum
is lost after a long period of storage which could possibly
be ascribed to the instability of the antimicrobially active
phloroglucinol derivative (1). Helihumulone was further
examined along with the essential oil and acetone extract for
antimicrobial activity against 10 pathogens (culture reference
numbers given in Table 1). The MIC values (mg/ml) range
from 1–8 (essential oil), 0.078–0.313 (crude extract) and
0.016–0.125 (1) indicating that the crude extract is at least
six times more active than the essential oil and similarly
the isolated compound at least three times more active then
the crude extract. These results contrast with those recently)
Table 3
The chemical constituents of the essential oil of Helichrysum cymosum
determined by GC/MS
RRI1 Compound Area
percentage
1032 a-Pinene 12.4
1072 a-Fenchene 0.1
1076 Camphene 0.4
1118 h-Pinene 3.7
1132 Sabinene 0.2
1174 Myrcene 1.2
1188 a-Terpinene 1.2
1203 Limonene 7.2
1213 1,8-Cineole 20.4
1246 (Z)-h-Ocimene 9.5
1255 g-Terpinene 1.4
1266 (E)-h-Ocimene 3.6
1280 p-Cymene 2.4
1290 Terpinolene 0.4
1320 2-Heptanol 0.1
1386 1-Hexanol tr
1382 cis-Allo ocimene 0.4
1391 (Z)-3-Hexen-1-ol 0.1
1398 2-Nonanone 0.4
1426 2-Octanol 0.5
1452 1-Octen-3-ol 0.3
1493 a-Ylangene 0.1
1497 a-Copaene 1.20
1521 2-Nonanol 0.1
1535 h-Bourbonene 0.6
1541 Benzaldehyde 0.1
1544 a-Gurjunene 0.1
1553 Linalool 0.1
1586 Pinocarvone 0.1
1591 Fenchylalcohol 0.7
1612 h-Caryophyllene 10.8
1628 Aromadendrene 1.5
1631 Selina-5,11-diene 0.3
1664 trans-Pinocarveol 0.6
1682 y-Terpineol 0.9
1687 a-Humulene 1.3
1700 Limonen-4-ol 0.2
1706 a-Terpineol 2.6
1719 Borneol 1.8
1730 y-Guaiene 1.1
1740 a-Muurolene 0.3
1773 a-Cadinene 0.6
1804 Myrtenol 0.6
1838 2-Phenylethyl acetate tr
1845 trans-Carveol 0.2
1853 cis-Calamenene 0.6
1864 p-Cymen-8-ol 0.1
1889 Benzylacetone 0.3
1896 cis-p-Mentha-1(7),8-dien-2-ol tr
1941 a-Calacorene 0.1
2001 Isocaryophyllene oxide 0.1
2008 Caryophyllene oxide 1.6
2033 Epiglobulol 0.3
2071 Humulene epoxide II 0.2
2073 h-Caryophyllene alcohol 0.4
2098 Globulol 0.6
2104 Viridiflorol 0.8
2144 Rosifoliol 0.2
2184 cis-p-Menth-3-en-1,2-diol 0.1
2204 Clovenol 0.1
2255 a-Cadinol 0.1
2316 Caryophylladienol I tr
Table 3 (continued)
RRI1 Compound Area
percentage
2324 Caryophylladienol II 0.4
2389 Caryophyllenol I 0.2
2392 Caryophyllenol II 0.1
Total 98.1
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activity was noted for the essential oil of H. cymosum.
Antimalarial activity and toxicity profiles (Table 2) indicated
diverging activities when compared to the antimicrobial
activity. The essential oil displayed the highest efficacy against
the malaria parasite, which was comparable to the classical
antimalarial chloroquine and quinine. Although (1) was four
times more active than the acetone extract in inhibiting the
growth of the malaria parasite, it was approximately three
times more toxic. The chemical constituents of the essential oil
(Table 3) indicate the two major compounds as a-pinene
(12.4%) and 1,8-cineole (20.4%). 1,8-Cineole has known
antimicrobial properties (Pattnaik et al., 1997) and may
possibly contribute to the antimicrobial effect of the H.
cymosum oil. Bougatsos et al. (2004) recorded a very different
essential oil profile for H. cymosum collected in Tanzania with
trans-caryophyllene and p-cymene as the major constituents.
This may in part explain the difference in antimicrobial
activity recorded in these two studies emphasizing that one
needs to be cognizant of chemotypic variation when analyzing
aromatic plants.
These results highlight that when investigating the bioactiv-
ities of aromatic plants both essential oil and extracts should be
examined. As was noted in this study the highest antimicrobial
activity can be attributed to (1), isolated from the acetone
extract. Helihumulone is not found in the volatile essential oil,
which could possibly indicate why the essential oil showed
lower antimicrobial activities than the crude extract.
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